chronic periventricular ischemic lesions. Aortic arch angiography demonstrated bilateral CCA occlusion and welldeveloped thyrocervical trunks ( Fig. 1 upper left) . The left ECA was entirely reconstituted by retrograde flow from left VA muscular branch-occipital artery anastomoses, and arterial supply from thyrocervical trunk and ascending cervical arteries (Riles Type 1B 21 ) ( Fig. 1 upper right) . The ascending pharyngeal artery anastomosed with and reconstituted the petrous and cavernous ICA ( Fig. 1 upper right) . Left VA injection revealed a patent dominant artery filling the vertebrobasilar system and cerebral hemispheres via patent posterior communicating arteries ( Fig. 1 lower) . The right VA was hypoplastic and ended as a posterior inferior cerebellar artery. Single-photon emission CT revealed baseline bilateral hypoperfusion and poor cerebrovascular reserve after injection of acetazolamide. The patient declined anticoagulant medications. Neurosurgery was consulted and an augmentative CBF procedure was planned.
Case 2
This 76-year-old man presented to the neurology service with several daily episodes of confusion, left-handed clumsiness, and leg shaking upon standing. These spells subsided within a few minutes. Medical history included atrial fibrillation treated with warfarin. Neurological examination was normal. Systolic blood pressure decreased from supine to upright position by 30 mm Hg in both arms (supine 160/85 mm Hg; upright 130/80 mm Hg). The patient presented with left-handed weakness and blurred vision in the left eye that lasted 20 seconds. These symptoms subsided while the patient stood. Syncope, dysautonomic, and inner ear problems were ruled out. It was recommended that his head of the bed be elevated by 20 cm at night; additionally, the same counter maneuvers as described in Case 1 were recommended. He also received fludrocortisone acetate (0.3 mg daily) and ephedrine (15 mg three times daily) but no response occurred. He was particularly sensitive to ephedrine-induced side effects that included tachycardia and tremulousness. Head CT and MR imaging revealed chronic ischemic changes around the periventricular white matter. Aortic arch angiography revealed right CCA occlusion, a patent right thyrocervical trunk, and hypoplastic right VA that was occluded at the C-2 level (Fig. 2 upper left) . Right subclavian injection revealed reconstitution of the right ECA and, to a lesser extent, the right ICA from retrograde flow via right VA-OA anastomoses (Riles Type 1A) ( Fig. 2 upper right) . The left VA was dominant and filled the vertebrobasilar system and, to a limited extent, the right MCA territory (Fig.  2 lower left) . Leptomeningeal anastomoses between the right posterior cerebral artery and MCA were observed ( Fig. 2 lower left) . Left CA injection revealed normal patency and filling of both anterior cerebral arteries with no crossover flow to the right (Fig. 2 lower right) . Singlephoton emission CT revealed baseline hypoperfusion on the right that worsened after acetazolamide administration. Neurosurgery was consulted and an augmentative CBF procedure was recommended.
Case 3
This 67-year-old man was admitted to the neurology service because of repetitive transient episodes of left hemiparesis provoked by standing. These brief episodes occurred two to three times per week. Medical history included peripheral vascular disease and bilateral femoralpopliteal bypass surgery. He tolerated pharmacological therapy with fludrocortisone acetate and ephedrine better than the patients in Cases 1 and 2, but no improvement in symptoms was observed. Warfarin-based anticoagulation therapy was initiated but no response occurred. Neurological examination revealed an awake, alert, and oriented Single-photon emission CT scans with acetazolamide challenge revealed poor cerebrovascular reactivity in the right cerebral hemisphere. Aortic arch angiography demonstrated right CCA occlusion, hypoplastic right VA, and a patent right thyrocervical trunk ( Fig. 3 upper left) . Right subclavian injection revealed VA occlusion and anastomosis between VA muscular branches and OA with retrograde filling of the right ECA (Riles Type 1B) ( Fig. 3 upper right). The left VA was dominant, filling the entire vertebrobasilar system. Left CCA angiography revealed normal findings, with filling of the right cerebral hemisphere via left-to-right crossover flow by a patent anterior communicating artery ( Fig. 3 lower left) . Three months later symptoms persisted and the patient underwent neurosurgical consultation. Brain computerized tomography scans and MR imaging demonstrated no new lesions. We planned surgical treatment for this patient.
Description of Surgical Intervention
A staged treatment plan was aimed at augmenting ECA blood flow in the patients in Cases 1 and 3. The goal was to engorge a patent STA for an STA-MCA bypass to be performed in the immediate future. Additionally, the possibility that the first-stage procedure may suffice for correcting CBF deficits was considered. The goal in the patient in Case 2 was to obtain direct CBF improvement by increasing flow in the partially reconstituted right ICA.
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Thyrocervical trunk-ECA bypass We chose to anastomose the thyrocervical trunk to the patent ECA. In brief, the patient was placed supine and the head turned 45°away from the affected side. A longitudinal incision was made along the medial border of the sternocleidomastoid muscle. The occluded CCA and the thyrocervical trunk were identified deeper and medial to the internal jugular vein (Fig. 4 upper) . Identification of the most medially located VA origin helped to orient the surgeon for the dissection. The patient received an intravenous 5000-U bolus of heparin. A proximal and distal endto-side interposition SVG anastomosis was performed. We used No. 7-0 and No. 6-0 Prolene sutures for the proximal and distal anastomoses, respectively. The graft lay under and medial to the sternocleidomastoid muscle (Fig.  4 lower) .
The postoperative courses were uneventful in all three patients. Strong pulse in the STA was noticed. Symptoms subsided immediately in Cases 2 and 3, and progressively improved in Case 1. At 5-year follow-up examination in the patient in Case 1 and 3-year in the patient in Case 2, no PCI spells were reported, although orthostatic hypotension remained. This led us to believe that there was no need for a second-stage STA-MCA bypass procedure in these patients. In the patient in Case 2, acetazolamidebased SPECT performed at 3 months and 1 year postoperatively revealed normal CBF. Despite the absence of symptoms in the patient in Case 1, SPECT demonstrated normal baseline but persistent impaired cerebrovascular reactivity to acetazolamide at 3 and 16 months. Of interest, this patient remains free of symptoms despite unchanged postoperative postural decrease in his systolic pressure (20-30 mm Hg).
Postoperative angiography conducted at 3 months and 1 year in Cases 1 and 2 revealed patent anastomoses. Immediate postoperative MR angiography in Cases 3 also demonstrated a patent bypass (Fig. 3 lower and right) . In this patient, although asymptomatic, postural hypotension remains. We plan on performing SPECT at 3-month follow-up examination.
DISCUSSION

Positional Cerebral Ischemia and Postural Hypotension
Our three patients exhibited characteristic and reproducible symptoms related to positional cerebral ischemia. This phenomenon has been previously described in few reports and correlated with angiographically proven main extra-or intracranial cerebral vessel stenosis or occlusion. 6, 9, 16 The prevalence of asymptomatic 8 and symptomatic 11,17,18 main extracranial-intracranial vessel occlusion, however, is higher than reproducible PCI encountered in clinical practice. The reasons for this remain unknown, although two explanations may be plausible: 1) the angiographic pattern of collateral circulation 14, 19, 25 and 2) impaired function of baroreceptors afferents at the carotid sinus. 1 Attempts have been made to correlate the angiographic pattern of collateral circulation in chronic CA occlusion with CBF status. 14, 19, 25 Thus, a Willisian-type collateral or crossover flow through a patent anterior communicating artery has shown less impaired cerebrovascular reactivity than OA retrograde flow, and much less than leptomeningeal-type collateral pattern.
14, 25 The latter has been associated with a state of maximal hemodynamic compromise on Xe-CT CBF 25 and PET studies. 20 In the seminal study reported by Powers, et al., 20 the authors used PET to demonstrate that patients with chronic CA occlusion and abnormal oxygen extraction fraction and steal phenomenon, referred to as Stage II hemodynamics, depend mainly on leptomeningeal collateral vessels for maintenance of CBF ipsilateral to the affected side. Furthermore, the same group has shown an increased risk for stroke in this population. 11 We speculate that PCI may have been a harbinger of impending stroke in the patient in Case 2 because he depended on leptomeningeal collateral blood flow. Because acetazolamide-based SPECT is a qualitative test that reflects no absolute CBF values and relies on comparative flow between two hemispheres, its reliability has been questioned. 26 Some authors, however, have shown that it may detect cases of Stage II hemodynamic failure, proven by PET, performed in the same setting. 12 Additionally, acetazolamide-based SPECT has identified patients with CBF dependent on leptomeningeal collateral flow. 19 Although poor cerebrovascular reserve was demonstrated by SPECT in the patients in Cases 1 and 3, their respective angiographically demonstrated collateral patterns were not leptomeningeal dependent, and thus a different explanation for their symptoms may be elaborated. Akinola, et al., 1 have shown that in patients with chronic uni-or bilateral severe CA stenosis, the incidence of pos- tural hypotension is higher than in hypertensive patients and normotensive controls. In the same study, postural hypotension was not related to sympathetic efferent failure, as demonstrated by normal catecholamine production in response to standing. Rather, impaired baroreceptor afferents in the region of the carotid sinus were thought to be the cause. 1 Whether this neural-mediated mechanism accounted for the symptoms in our patients is unknown. Although we did not measure catecholamine levels, the lack of response to ephedrine, a noradrenaline-releasing drug, 1 may suggest that sympathetic failure was not the underlying mechanism for hypotension in the present report.
It is possible that postural hypotension exhibited in Cases 1 and 3 triggered a reduction on CBF despite the good collateral pattern demonstrated on angiography. Medical management of orthostatic hypotension caused by diabetes, and treatment for ischemic heart disease and hypertension, improved the rate of transient ischemic attacks in a population with hemodynamically significant ICA stenosis or arteriography-demonstrated occlusion. 9 Despite reduction of antihypertensive medications, the patient in Case 1 continued to experience transient ischemic attacks that subsided after surgery. Nonetheless, it is difficult to reconcile his neurological improvement with persistent postoperative postural arterial hypotension and CBF impairment demonstrated on SPECT. Because SPECT relies on crosscomparison between the two cerebral hemispheres under the assumption that one harbors normal baseline CBF, its reliability in cases of bilateral CCA occlusion may be marginal. In the patient in Case 1, it is possible that PET scanning could have revealed his actual cerebral hemodynamic status, presumably improved by surgery.
Bypass Procedures for Common CCA Occlusion
Common CA occlusion has been found in approximately 4 to 5% of patients undergoing cerebral angiography evaluation for cerebrovascular symptoms. 7, 22 Although the natural history of asymptomatic CCA occlusion appears to be benign, 8 in symptomatic patients it portends a poor prognosis.
2, 18 Riles, et al., 21 classified CCA occlusion into four types. Type 1 of CCA occlusion involves a patent ICA and/or ECA. Type 1 includes three subtypes including: Type 1A, a patent ICA, and ECA; Type 1B, a patent ECA and occluded ICA; Type 1C, patent ICA and occluded ECA. Type 2 involves complete CCA, ICA and ECA occlusion. In series involving vascular surgery, most cases of symptomatic CCA occlusion in which extracranial/extrathoracic reconstructive bypass procedures have been performed as the definitive treatment are Type 1A and 1B CCA occlusion. 18, 21 When occlusion of both the CCA and ICA is present (Riles Type 1B), bypass procedures to ECA with or without endarterectomy have been shown to improve symptoms in most patients. 4, 10, 22, 23, 27 In the neurosurgical literature, however, CCA occlusion and ECA reconstructive bypass procedures have been reported only as the first stage for an STA-MCA bypass performed at the same or separate session. 3, 7, 15 Of interest, despite the disparity in surgical treatment, the authors of both vascular 4, 10, 17, 21, 22, 23, 27 and neurosurgical series 7, 15 have reported good outcomes in symptomatic patients with CCA occlusion. Because ECA may provide as much as 30% of ipsilateral CBF in CCA occlusion, 18, 27 it is possible that simple ECA reconstruction may have been sufficient therapy in some patients of those neurosurgical series 7, 15 as it was in the present report. Because of the absence of pre-and postoperative quantitative CBF studies in the majority of patients, it is difficult to determine the magnitude of CBF changes that correlated to neurological improvement in those cohorts. 4, 7, 10, 15, 17, 21, 22, 23, 27 In the present report, a saphenous vein interposition graft was used for reconstruction of the ECA. This is the most common technique performed for CCA occlusion with the subclavian artery as the donor vessel. 4, 10, 18 Although thyrocervical trunk-VA bypass has been described in cases of proximal VA stenosis, 5 to our knowledge there have been no reported cases of thyrocervical trunk-ECA interposition SVG bypass for CCA occlusion. Although two suture lines are also required, we found this technique straightforward and easier to perform than subclavian-ECA interposition graft bypass. We also found no technical problems associated with vessel mismatch.
The thyrocervical trunk gives rise to three main branches including the inferior thyroid, the superficial or transverse cervical, and the suprascapular arteries. The superficial cervical artery gives rise to the ascending cervical artery. Because all three main branches have approximately the same diameter 5, 15 they are all suitable as donor vessels for an interposition graft. Furthermore, they may enlarge in cases of chronic CCA occlusion ( Fig. 1 upper  left) . Because of its ascending course and cephalad flow direction, however, we believe the inferior thyroid artery is more suitable than the other two branches. The suprascapular artery travels downward deep and below the clavicle superficial to the anterior scalene muscle, and its dissection is more demanding. The superficial cervical artery is situated more lateral in the operative field, although in some cases it may constitute a long pedicle graft that may be mobilized superiorly to reach the ECA. 15 Ingenious methods of revascularization have been reported for symptomatic CCA occlusion. Kobayashi, et al., 15 anastomosed the transverse cervical artery to the ECA and then performed an STA-MCA bypass in the same session in two patients with CCA occlusion. Although a low-flow bypass, this procedure was sufficient for reversing acetazolamide-based SPECT-demonstrated CBF abnormalities in those patients, although no data were available on clinical follow-up examination. 15 In the present report, we thought that a high-flow bypass was necessary because of the uncertainty of a staged STA-MCA bypass in the immediate future. We speculated that a highflow conduit such as the saphenous vein would make the STA available should extracranial-intracranial bypass be necessary. In low flow bypasses such that provided by the STA, 13 radial artery, 24 and transverse cervical artery, 15 although they may remain patent in the absence of hemodynamic demand, a maturation period is necessary for maximal flow delivery to recipient vascular beds. Thus, in the acute setting they may not be sufficient to override and would rather compete with a preexistent retrograde flow from the OA, and orthograde flow from ascending cervical muscular branches to ECA, as was depicted in Cases 1 and 3.
CONCLUSIONS
Symptomatic CCA occlusion, although rare, may present with concomitant positional cerebral ischemia and orthostatic hypotension. Of importance, orthostatic hypotension persists after corrective bypass surgery despite resolution of symptoms. Therefore, collateral blood flow is the determinant factor for the development of postural symptoms in patients with CCA occlusion.
It is imperative to assess carefully the angiographically demonstrated subtype of CCA occlusion for sound surgical planning. In this report, symptoms of positional cerebral ischemia were corrected by thyrocervical-ECA interposition SVG bypass in all three cases. When present, the thyrocervical trunk is a suitable donor in this particular subset of patients.
